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Introduction-. 

Cardiac infarction, cerebro~u~acciden~~~.~~smoker~~-~eglL-iesulting’-~from 

arteriosclerosis are among the commonest causes of death in the western industrial countries 

(5-10 cardiac infarctions per 1000 head of the population). However, biochemical and 

molecular biological research into the angiogenetic growth factors - particularly VEGF and 

FGF (Gospodarowicz et al., 1984) - has given rise to the hope that that these factors will she%’ 

themselves to be effective for the. .treatment and prophylaxis of diseases carised by 

arteriosclerosis (Simons et al., 1996; Slavin, 1995). The proteins of the fibroblast groti 

factor (FGF) family d extremely efficient mitogens which can guide angiogenesis during the 

stages of development and growth (Klein et al., 1997; Schaper et al., 1996). Even in adult 

organisms suffeiing from ischemia the activity of angiogenetic factors can return (Shti et- 

al., 1992; Shweiki et al., 1992). This means that under certain circumstances the growth of 

collaterals can be induced, even to the extent that they compensate for the total occlusion of a 

main vessel: Various research groups have been able to show in appropriate animal 

experiments that exogenous administration of FGF to the ischemic area can increase 

angiogenesis in the heart or in peripheral regions of the body (Baffour et ali, 1992; Battler et 

al., 1993; Giordano et al., 1996; Harada etal., 1994; Klein et al., 1997; Lazarous et at, 1995; 

Lazarous et al., 1996; Yanagisawa-Miwa et al., 1992). 

The treatment of ischemic heart patients. with bFGF was first carried out by our group - 

(Schumacher et aL, 1998). In a clinical trial, 20 patients with three-vessel coronary asease 

received bFGF by injection close td the vessel after the completion of an ‘internal nia&ma@ 

artery (IMA) /left anterior descending coronary artery (LAD) bypass .operation. In all the : 

treated patients, but not in the 2i) controls, a’capillary network sprouting from ‘the proximal’ ., I 

part of the coronary artery could be shown to have biassed the stenoses and rejoined the ’ 

distal parts of the vessel after 12 weeks. As compared with the control patients,.a three&old . 

increase of contrast medium accumulation was measured in the perivascular region of.the . : 

LAD. 

FGFs represent a family of over 20 members ,reguiating.the growth, differentiation, survival. : 

and migration~of a wide variety of cell types . In this family, FGF 2 (basic FGF) is a heparin- 

binding ,18KDa peptide ,best known for its angiogenic, neurotropic, and mesodeim indu.cing 

effects. 



In 1985, several authors have shown thatJHepari.n strongly potentiates the growth- 

promoting activity of “endothelial growth factor” which is a form of FGFl-(acid FGF) and 
________ *- ____.” . *-. ,_ 

stimulates its angi~j$nic act&&y. 
_.. . . ‘-‘i ‘I& 1’986, D-G.ospadara~cz etaideskbed t& k&rac~ons 

of FGFs and Heparins. They also demonstrated that although FGF 2 -heparin binding 

domain seems to be homologous to that of FGF 1, the growth-promoting activity of FGF 2 oti 

human endothelial cells was inhibited by heparin ( Gospodarowicz D et al. ) 

Recent works by Khorana A.A. et al have compared the effect of Unfiactionated Heparin , 

LMXVHs (Enoxaparin,. Tinzapar& Dalteparin), kntasaccharide (Fondaparinull> ; and 

Oligosaccharides (Tetra , Octasaccharides) on human vascular endothelial cell (HUVEC). 

proliferation. They found that : (i) FGF 2 in&eased k.JVEC prolifeiaton .(ii).Heparin and 

fractions 3000 and 6000 daltons inhibit FGF 2 dependent proliferation (particuk~ly fraction. 

6000 daltons). (iii) Tetrasacchtide , &tasaccharide and Pentasaccharide (Fondaparinux) 

have no inhibitory action. When measuring the form&ion of capillary-like tub4 structures 

(cells cultured ih hiXai&el) in the presence of FGF 2 , they found that Heparin had no effect 

on tube formatioh, whereas the 3 commercial LMWHk (Enoxaparin, Tinzaparin, Dalteparin).z 

had inhibitory action. So, Heparins have different effects on FGF 2 induced Cell proliferation, 

partially dependent on molecular weight and may be other parameters. .The authors 

concluded that heparin inhibition of endothelial cell proliferation and organization 

require a chain length of >8 saccharide units, with maximal inhibition at Mr of 6kJJa 

This Mr dependence differs from that required for anticoagulant activity.. 

Previous studies (B.U. van Specht et al) have shown thti Enoxaparin enhanced PGF 1 

induced proliferation of the baby h&tister kidney cell line BHK-21 .( BHK cells have.been 

shown to respond to both FGF 1 and FGF 2 ). In add&n, this cell type is sensitive to .heparin 
. . 

antiproliferative activity yhen grown: in serum supplemented medium.. Also, previous 

studies have shown that the interaction of Enoxaparin with FGF 1 is sensitive to structure 

variations such as the presence of a I,6 anhydro ring: The stixklating effect o~Enoxaparin on . 

FGF 1 has also been confkmed in e~erimental mddels of angiogenesis such‘ as the Chorio- 

allantoic membrane model. 

According to the fact that FGF 2 is sensitive to heparin variations in molecular weight, 

saccharides chain length, and may be other pkameters , FGF 2 can be considered as an 

attractive target for differentiation studies. . 

The aim of the present study has been to cokpare the effect of sties of compounds , : 

fractions or oligosaccharides specifically present in Enoxaparin, on FGF 2 induced BHK cell 

proliferation, in vitro. 
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._- 2. Materials and Methods . . . _. - - _. . -. 

Recombinant human basic fibroblast &row& factor was obtained from NatuTec, GmbH 

Frankfint,FRG 

,- -.. .-. - - .B&LZI. . 

The BHK-21’ cell line (baby hamster kidney cells) was obtained from Cell Line S+c& 

Heibelbe& FRG 

m Groprth medium 
MEM (EAGLE) with Glutamax-I (Gibco, Cat-No. 41090-028), to which 10% calf - 

serum, kpplement, and antibiotics have been added: 

Peniciliin / Streptomycin 100 l-U/ml / 100 UG/ml 

Sodium Bicarbonate 0.075% 

Sodium Pyruvate l& 

MEM non-essential amino-acids 1 x 

HEPES 1omM 

- Starvation medium and stimulus medium 

MEM (EAGLE) with Glutamax-I (Gibco, C$.-No. 41090-028), to which suppfkmeht 

and antibktics have been addid: ’ 

Penicillin / Streptomycin 

Sodium Bfcarbonate 

100 lt.J/ml /‘lo0 UG/ml 

O.OiS% 

Sodium Pyruvate ‘IKKIM 
MEM non-essential amino-acids 1 x 

HEPES 1olnM 



Procedure 

l The cells are trypsinizated as for regular subculturing. 

l The cell count is determined with a Neubauer chamber, and from the result the 

appropriate number of cells/ml mixed with the growth medium. 
-_-_ 

l The concentration of cells to be seeded is adjusted by thinning out the cell suspension 

to the total volume necessary for distribution throughout the 96-well microtiter plate.. _ 

l The cells are seeded into a 96?well microtiter plate with a flat under surface, using. the 

previously determined concentration necessary to seed 200 gl in each well. The cell 

suspension must be continuously swirled around to ensure that, by thorough mixing, 

the suspension achieves an identical concentration in each well. 

l The.microtiter plate is piked in g CO, incubator at 37°C with a humid atmosphere 

and 5% C02. 

l After a growth phase of l-2 days, the plate is removed from the incubator and the 

medium replaced by starvation medium: . 

-The medium is completely removed Mm the wells and.discarded. 

~200 ul t&h starvation medium is added to each well. 

- Culture is continued in the incubator for a further 24 hours. . 

l After 24 hours the starvation medium is repiaced by stimuius medium: , . 
. -The medium is completely removed from the wells and discarded. 
. -200 pl fresh stimulus medium is added to eaoh well. 

-20 pl of concentrated solution & various dilutions js added to the 

medium as a test substance. 

For the eighht-fold cktermination, the required test sohitions at various concentrations are 

prepared by dilution with stimulus medium to khich 1% FCS have been added. The number 
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of dilution steps and the required volumes of the dilutions are obtained from the calibration 

plan of the microtiter plate. The schemes for pipetting and diluting (the concentration 

increases logarithmically) are added separately for each investigation. 

* The microtiter plate with the test substances is replaced in the incubator for 24 hours. 

0 At the end of this time, the cells are marked over a period of 4 hours by addition of 

[methyl-3Hj thymidine (Amersham, 5 mCi/S ml, TEN 300) with a fmal concentration 

of 1 pc1m. 

l The plate is replaced in the incubator for a further 4 hours. 

* The marked medium is completely removed from the wells in the plate with 

. FilterMateTM Cell Harvester through a UniFilterTMPlate of 96 format with an 

integrated GFK-Filter and discarded. 

l 

l 

lOOp1 0.05% trypsine / 0.02% EDTA solution is pipetted into each well of the 

microtiter plate, and after 10 min. incubation at room temperature the cells of the 96 

samples are simultaneously completely harvested with FilterMateW Cell Harvester 

onto the UniFilterWPlate, The plates are so constructed that each ftiter within a well is 

completely separated from the neighboring filters. The UniFilter‘?Plate is washed 5 

times with deionized water and then dried at 55OC for at least 30 minutes. 

30 pl of the scintillation fluid MICROSCINT? 20 (Packard, 11, Cat.-No.6013621) is 

placed into each well and counted with Topcount NXTW. . , 

As a result from extensive pre testing; cells were grown at a constant concentration of 1,4 

q/ml FGF;:! and between 0,1-5OOpg/ml of the test heparin. The results of one assay with 

heparin assay is shown in FIG-l. Each concentration values represent mean values of 

eight single values. 
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Barcode 1635 
Heparfn induced FGF-2 inactivation 

cells 1,5x1 O’lml) 
(Control assay 48) 

FIG-1 

Andysing scheme 

pg/mf Heparln at const. I,4 nglml FGF=Z 

I 
E 

F 

G 
. 

H 

Al-HI control only cells no FGF 
A2432 control cells +I ,4n&dFGF-2, no heparin 

A.3-H3-Al l-H1 1 Increasing values of hepztrin at constant amount of 1,4ng FGF-2 
A12-H12 control cells +1,4ngM FGF-2, no heparin 
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Experimental groups 

Series 1: 

Dose response curves for each test sample. According to FIG 1. One test sample is 

analyzed on a single plate in various concentrations (SOO-0,l @ml). A control plate with 

heparin is included to each assay. 

Series 2 

Comparison of test samples (groupI, sample l-7; versus group 2, samples 8-14; group 3’ 

samples 15-17) on one plate at constant concentration of KE?P fragment : 

. . Statistics: 

Results are expressed as mean +/- SE. Statistical significance of dif%ences in- means 

between groups have been determined by using a two tailed studeats t test A value .of 

~~405 has been considered significant All experiments have been reproduced at least 

twice, in eightfofd values. Statistics have been calculated with the computer program 

P&l?? The original data can be studied by double clicking on the individual graphs on ” 

the assay sheets if the Prism progrk is installed on the computer 



Results part 1 compoundsgHEP 1-7 
Assays 43-44 (appendix) 

10000 

7500 
. f . 

.. 2 ", 5000 

2500 

.A 1 

Barcode 1606 
Heparin Induced FGF-2 activation 

(Aussaat1x104/ml) 
(Kontrdle zur Serie mlt HepFragmenten) 

0 

pglml Heparln at const. I,4 rig/ml FGF-2 

Hepariu induces a dose dependent inhibition.of proliferation of BHK cells which is. 

significant in a dose range between 500-5pg/lml . : 

Barcode 1609 
H’l (Hep-fragment) induced FGF-2 activation 

(Ausaat lxro4/lri) 

pg/ml Heparln-Fragment at const. I,4 nglml FGF=2 

* P value 0,0239; ** P value 0,0026; *** P value <O,OOOl 

Hep 1: Inhibition is significant in the dose range 500-lOpg/mI. At Iower doses O,l- 

lpgml no signjficant effect can be observed 
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Barcode 1610 
HZ (Hep-Fmgment) Induced FGF-2 activation- 

(Aussaat lxlO’/ml) 

? ooou, 
I T l- 

p$$ml Heparin-Fragment at const. I,4 rig/ml FGF-2 

Hep2: significant inhibition only between 500~5Opg. No effect between 10-0,X pg/ml 

dose 

Barcode 1603 
H3 (liep-Fragment) induced FGF-2 activation 

(Aussaat 1x-l 0’hnl) 

“““1 T 

- 
2000 

1000 1 

pg/ml Heparin at con& $4 nglml FGF-2 

Eep 3: Inhibition on.Iy 500~5Opg dose. No efkciO,l-10 pg dose 
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Barcode 1604 
H4 (Hep-Fragment) induced FGF-2 InactivatIon 

(cafb lxlO'/nq 

pglml Heparin at const. I.4 nglml FGF-2 

Hep 4: Dose dependent inhibition between 500-5 pg dose, Similar inhibition pattern 

like Heparin 

Barcode 1613 
H5 (Hep-Fragment) induced FCF-2 inactivation 

(cells 1x-l O’hl) 

10000 
I 7500 

pghi Heparin-Fragment at con& I,4 nglml FGF-2 

Hep 5: Dose dependent inhibition between 500-5 pg. No effect between 0,1-l pg dose’ : 
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Barcode 1614 
H6 (Hep-Fragment) induced FGF-2 inactivation 

(cells 1xl0’/ml) 

pglml Heparin-Fragment at const. $4 nglml FGF-2 

Hep 6: inhibition between 500-50pg dose. No effect between 0,15 pghl dose 
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Barcode 1642 
Hep7 (Hep-Fragment) induced FGF-2 

inactivation 
(Aussaat 1,5 xl 04/ml) 

pglml Heparin-Fragment 7 at const. I,4 nglml FGF-2 

Hep 7: Inhibition between 500-1Opg dose. Effects at lower doses are not significant. 
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Results part 2 compounds 8-14 
Assays 46,49,50 (appendix) 

Barcode 1624 
H8 (Hep-Fragment) induced FGF-2 inactivation 

(cells rxlo?ml) 
__---- -. 

pglml Heparin-Fragment8 at const. I,4 @ml FGF-2 

6 wraua c p= 0,oooa 
J versus C pc 0,OCOl 

Hep 8: No inhibitory effect between O,l-100pgdose range Activation of proliferation 

at the 500pg dose. 

Barcode 1651 
H9 (Hep-Fragment) induced FGF-2 inactivation 

(Aussaat 1,3xl0’/rnl) 

pg/ml Heparin-Fragment9 at const. I,4 nglml FGF-2 

Hep 9: No inhibitory effect between O,l-100 pg dose 
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Barcode 1645 

HI0 (Hep-Fragment) induced FGF-2 
Inactivation 

(Aussaat 1,3~lO~hrt) 

pg/mi Heparln-Fragment10 at conk I,4 nglml FGF-2 

HeplO: Inhibition between 500-50 pg 

Barcode 1646 
Hi 1 (Hep-Fragment) induced FGF-2 

inactivatfon 
(Aussaat 1,3xlO’/r1I) 

pglml Heparln-Fragment11 at const. 1,4 nglml FGF-2 

Heppll: Inhibition between 500-50 pg 
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Barcode 1647 
HepI (Hep-Fragment) induced FGF-2 

inactivation 
(cells I,5 xiO’/ml) 

- .._.. 75001 

pglml Heparin-Fragmenti at const. I,4 nglml FGF-2 

Hepp12: Inhibition between 500-50 pg 
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Barcode 1636 
HI3 (tiep-Fragment) induced FGF-2 

inactivation 
(Aussaa! i,5 xl O’hl) 

$@lml Heparin-Fragment13 at conat. 1,4 nglml FGF-2 

Hepp13: Significant activation at low dose (0,5-0,l @ml). Trend (not significant) 

towards activation at medium dose(l-10pg). Inhibition only at high dose (.SOO pg) 

Barcode 1637 
H14 (liep-Fragment) induced FGF-2 

inactivation 
(Aussaat 1,5 XlO’rm) 

!, 

** T 

pg/ml HeparhFragmentl4 at con&. I,4 ng/mJ FGF-2 

Hep14: Sigticant. activation at low dose (O&O,1 pg/ml). No effect at medium 

dose(l-10yg). Inhibition only at high dose ( 500- 5Opg) 
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Results part 3 compounds 15-17 
ASSAYS 47,48 appendix 

Barcode 1038 
H15 (Hep-Fragment) induced FGF-2 

inactivation 
(Au‘ssaat 1 ,S xi 04hl) > 

15000 1 
10000 J -I- 

pgimf Heparln-Fragment15 at const. I,4 rig/ml FGF-2 

Hep 15: significant inhibition S5OOpgM 
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Barcode f639 
HI6 (Hep-Fragment) Induced FGP-2 

inactfvatfon 
(Aaasart i,d xto%d) 

pgbnl Hepuin-Fragment16 at conat. 1.4 nghl FGF-2 

Hep 16 inhibition at high dose (500-50 pg/mI). Trend towards activation (not 

significant ) at low dose 

Barcode 1640 
H17 (Hep-Fragment) Induced FG$-2 activation 

(Awaat 1,6 xiO+rrd) 

ug/ml Heparin-Fragment17 at wnat I,4 nghl FGF-2 

HEP17 High activation between 500-5 pghni dose 
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Results part 4 comparison of individual HEP compounds, Appendix assays 

55,56 

Barcode q 663 
H&p/-fragme&induced FGF-2 inactivation 

(Ausssat I ,3xl0’/ml) 

WOO- 

1 

l * 

IoOpglml Hepl-fragments at I,4 nglml FGF-2 

l Comparison versus heparin 

In this graph we have a.naIyzed the effect of 1 O@g HEP compound versus the same dose of 
heparin. At the -1O@g dose HJZP 1, Hep 8, Hep9 and HEP IO treated ceils show a higher 
proliferation rate (less inhibition)compared to the same dose of heparin 

Barcode 1694 
Hepl-fragmente induced FGF-2 inactivation 

(Aussat y%ll) 

"""1 F5' 

100 p&‘nl He@-fragment* at I,4 nghl FGF-2 
‘*Hi9lvHEp8 nSEP4v~P11 
%EpVt+-l 55fjHEPvHEP8 

This graph analyzes the d.ijYerences of individual HEP compounds. CeUs treated with the. 
‘XOOpg dose HEP8 are SignificantIy more active compared to cells treated with the same 
dose of HEP 1 
No difference between HEP2 and HEP 9, was measured. The difference between HEP 4 and 
HEP 11 is not significant is this assay. 
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Barcode 1688 

Hepl-fragments Induced FGF-2 inactfvatlon 

5 p - 0.0128 HI bamua I38 

~p=O,o36H2-H9 

§~=O.O128t4lww~Hll 

‘“p-0,0002 liepwitl wnurl-t3 

“p=0.O~WH11wsusHe+xin 

This graph analyzes the difference of individual HEP compounds. 
Cells treated with a 1OOpg dose of H%P 8 are significantly less inhibited complied to HEP 1 
Cells treated with a 1 OOpg dose of I&P 9 are significantly less inhibited compared to HTIP 2 
Cells treated with a 1 OOpg dose of HEP 11 are significa&ly less inhibited compared to HEP 4 

barcode 1670 
Hepbfragments indu’ced FGF-2 inactivation 

(A-t 1x10%) 
:, 

H5versus H12 ns 
l-l6 wsus HI3 p=O,Oi14 
Ii7 um~s Hi4 ns 

This graph analyzes the influence of individual HEP compounds on the inhib5tion of the 
proliferation rate of BHK cells at a 500&.&l dose 
HEP 5 compared to HEP 12 no significant difference 
HEP 6 compared to HEP 13 significant difference 
HEP 7 compared to EIEP 14 no significant difference 
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Barcode 1671 
Hep/-fragments induced FGF-2 inacthfation 

(Ameat lxld/mQ H17 n[ehtdarg~&IW(27500 6Phlj--------A--------‘--- - _ . - . 

lOOp@nl Hap/-fragments at 1,4 norm1 FQFQ 

l * Hl3 arms amht (no hewtn) ~7 WT%US ~14 not significant 
Ii5 wrsu6 HlZ not si@tRcant 

5s H 13 versus Heperin He versus HI3 ns p QJW 

HEPS !msus HEPlZ ns p- 0,1351 

This graph analyzes the influence of individual IEP compounds on the proliferation rate of 
BHK cells at a 1 OOpghl dose. 
All HJCP compounds (5,12,6,13,7.14,15,16) inhibit significantly the proIiferaff on rate of 
BHK cells compared to control cells without heparin (open bars). Compared to Standard 
heparin HEPs 5,12,6,13,7 and 16 show a significant higher proliferation rate. No ziignificant 
differences can be measured between HEP 5 and HEP 12; HEP 6 and HEP 13, HEP 7 and 
HEP 14 atthe 100pgMdose 

Barcode.1634 
HT7 (Hep-Fregment) induced FGF-2 

InactIvation 
rAumq;t ?,I %lo’mt, 

pgfmt Hq~arhbFragmantl7 at const. 1,4 nghnt FGF-2 

This graph analyses the influence of different doses of HEX? 17 on the proliferation rate of 
BHK cells. Compared to control cells (no heparin, Columns. B and K), HEP 17 induces a 

highly significant increase of proliferation in the dose range between lo-SO@gM 
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Comparison of individual HEP compounds at the 1OOpg dose. Proliferation rates of 
_ ____ .-Bm*e&- . _ .._- __-__ __ 

HYEPl HEP2 HIS33 HEP4 HEP5 1 HEP6 HFSP7 
HEP8 HEP9 HEPlO HEPll HEP12 HEP13 HEP14 
HEPS> EIEPP> HEP3=HEPlO mPll> No HEPl3>HE)P6 No 
HEPl HEP2 HEP4 difference At 50031% difw- 

dose 

Results: Beside Substance HEP 17, significant effects of HEP fragments on FGF-2 mediated 

cell proliferation could be measured only at high doses (500-50 pgknl). 

Activation of proliferation compared to cells stimulated with FGF-2 only was observed with 

HEP 17. A significant increase was measured at doses between lo-5OOpg. Activation was 

also observed but only at the high dose of 50&g tith HEP 8. 

Inhibition of cell proliferation to about 30% of maximal proliferation rates was measured 

at the 500-50 pg dose range with aII HEP fragments beside HEP 8 (activation 5OOpg); HEP 9, 

(no significant effect) and BEP!7 (activation at doses between lo-5OOpg)’ :. 

. 

Comparison to standard Heparin: HEPs 1,8,9,10,11,13 showed significant higher 

’ stimulation rates (less inactivation) at the 1 OOpg dose compared to the same dose of hepark 

Direct comparison of HEP fragments (1OOpg dose): Inhibition of proliferation HEPl> 

HEPS; HEP>HEP9; HEP4WEP 11. 

No significant difference: HEP3 versus HEPIO: HEP5 versus HEP12; HEP 6 versus HEP 13 

(at 5OOpg HEP 6 more inhibition) and HEP 7 versus HEP 14. 

I Discussion: 
CelI proliferation assays show the problem of relative high standard deviations. Therefore 8 

fold values for each measurement were analysed and each experiment reproduced 2-5 times, 

In the first set of expkiments samples were analysed at different concentrations (500-0,lpg) 

each sample on one plate and compared to heparin at the same dose ,range. .Heparm as a 

control inhibited cell proliferation from 7500 cpm to 25OOcpm This inhibition rate of about 

66% could be observed in all assays. The assay is able to respond to minimaI doses of 5~q&nl 

of heparin with significant changei of proliferation rates. The non sigaifrcant activation effect. 

seen at very low doses is due to an unspecific stabilization effect of heparin to the highly 

diluted FGF-2. 
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It was the aim of the study to investigate whether structural differences between to 

groups of HEP fragments (Group1 FIEP l-7, Group 2 HEP 8-14) would have consequences 

on the rate of inhibition of the proliferation of BHK cells. The inter action of FGF-2 with 

heparins of various chain length and consequently a reduced ability to promote the growth of 

endothelial cells was published recently by Khorana A.A. et al. From our results we are able 

to conclude that the substances HEP8 - HEP14 inhibit the FGF-2 dependent growth of BHK 

cells to a lesser extend. HEP 8 shows no significant inhibition over the whole dose range and 

activation at the SOOpg dose. Statisticalsignificant differences between HEP fragments could 

be measured only at high (1 00-SOOpg) per ml doses of HEP fragment. 

Additional control substances (HEP l&16,17) were analyzed in a blinded manner. The assay 

was clearly able to identify the activating potency of HEP 17 and to discriminate between 

HEP 15 and HEP 16.(Heparin and Enoxaparin). 
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